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(54) PIEZOELECTRIC THIN FILM RESONATOR 



(57)Abstract: 

PROBLEM TO BE SOLVED: To adjust simply a thin film 
element resonance frequency in a short time by 
providing a piezoelectric thin film made of a specified 
material and a dielectric thin film also made of a 
specified material between a pair of exciting electrodes, 
so as to build up a thin film element resonating at a 
frequency corresponding to a sum of the thickness of 
the piezoelectric thin film and the dielectric thin film. 
SOLUTION: A piezoelectric thin film element is made by 
providing a piezoelectric thin film 13 and a dielectric thin 
film 14 between a lower electrode 16 and an upper 
electrode 15, via an insulation film 2 on a substrate 1 
having an opening 21. A sound wave propagates through 
a composite layer, consisting of the piezoelectric thin 
film 13 and the dielectric thin film 14 in the thickness 
direction and causes a resonance in that direction, the 
piezoelectric thin film 13 is made of a composite oxide 
material such as lead titanate. Since the piezoelectric 




constant of the piezoelectric thin film 13 can be 

managed with comparatively high accuracy, the sum of the thickness of the piezoelectric thin 
film 13 and that of the dielectric thin film 14 is managed with high accuracy within a prescribed 
range, and the accuracy of the resonance frequency is improved. The dielectric thin film 14 is 
made of an oxide material such as magnesium oxide. 
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cut** i ] -»©»fiffl««<&raicffiwft»tt*tt 
a. tz jznmmmmT' \z & n x . 

W\ ±«Bfl£«#J»Ka>jpsi:±E»lBf«<MIBl<ojpa 
CM** 2] ±EEE«»KffiB^JC*5^T, ±E— *t 

om*t i E*<&EE«awK«»rP. 

/uT^^nfeiB^lXttaEKOEE^SIRfil!!? 1 - 
[»**4] ±E*1»«#»«^ «ftv^*->'> 

st^i?»«sn&ii*a 1 - 3 (D 3 -6 flni-ytia* 1 o 

CM** 5 ] ±E* 1 R*#)«K«f ±E£Ettff NM± 
W 1 OtClB«C0EEm^MM»iTo 

[»** 6 ] if** 1 ~ 5 co^^oii-rn^ 1 oke 

[If** 7] ±EJEEtt*Kfi»^«C^t^T$^K:, -h 30 
EWP»©n«»*fi«-r-5K«±K:±Eilfi«BI*^UT 
Sl^2^/\ e 7FiWM^n, _LE*10>/1vF 
*ffifl* ±E 1 *K0BMSffl«ffi<D o % (DTmz&W-f Z>m 

fiEffl«S{C««8$nfcW*3B6E*©EE«*Kli»^. 
[M**8] ±mm2(D/*y HMi±El»0ifi 

ffl«acD-5 , 6o±ffltcfi«'r^«ffixtt±E«a«fi6ffl 

W«tt*«T?*«SnfcBI*S7E*0!> 
BE*»fflt«»rF. 40 
CIS** 9] -»©B«ffl««tffi««:»Ki:*fllA 

±E-*K&iafiJ!iaffico 3 % < £ t>-*coms± 

\z&o®mm^&Mf&istzi£mmmMW)?o 
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CO 0 0 2] 

fflV^tl^Jl»»tt*5MH zjil^GHz #{C^<fc^SBS 

t^&»r*sfc«e>tc, mMWomz* 1 — 2 
co 00 3] ^t, «ieT«, a^©»ut»«ffiCcfc 

0 BIJP 1 — 2 LfcJE*#»K 
ffim«flI*^T«> liK^figffiJCctOKff 1-2 

So mmx-*)v¥—<outtffi<tz#>\z 

Sffi^LTtfttfU^A (G a A s ) £^T-LSB«i§ 

nt^So Mtlty'J^y (S i) fcffl^T 

OS«*l»56UT^j«-rs C £ *> pIUgTi&So 
[0 0 0 4] ift^nxv^ifO-MS:^ 
Mz-lS* ^i?6-3 5 0 1 5 4^»:i^$n 

CO 0 0 5] 

mm<»fommm*mmi,tzm=?-<Dm&. ^omftmrnsk 
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mmmt? zrz&\zmm&m<Tz>££-?$iT Wkm^m 
mizmmubtotte*. ^oittbiznmzi*. mm&m 
ffifev&mmfcmzmfeTzz.tiizm 

******* ««Tttffiff-t?Sa*M&HR»»l«E*ffi*^ 

<»*T**f»T» JJr*©#iW*RlCRjrr45 2:£** 
aiTfeO, ffl&di0RRRMR:&&«m*&&S#*% 

BI«OBI«jft*#LTVifc. 
[0 0 0 6] «£ot, JSl^WT^O 

RRT**JEER»RR^*a«**z: 

[0 0 0 7] 

*»Wfc«SEER»RfiBr?tt, -**0>Sififfl«« 

E-#<0BRJflRRe&IHfc:S 6 dig 1 BfttttMK&R 
W\ ±ISmm#:»MOJS$ <h _LE* 1 KRfrRlK<Z)J92 

t«$to-e-&jp*K»*u&H*R7?*«a-&fcc:t* 
WRi-T*. 

[0 0 0 8] *fc, ^EffiRRffltfiR^K^T. -hie 

— # commm mm <r> o % ±bb tc&g-r a as*! ma _l \z 

« 2 RRttRRfefr LT*R»RfflRR*»R-r * Z. t. 
I: J: 0 8«ff t»«f 5 u t L li. :ni:J:o 
T% «R«^©RR*RR*RfcS1«£££±D, * 
««RR*SEfl:$^se:4:3&<T?*-s. 

[0 0 0 9] ££tc> ±EJEER»Rfi»^C;fc^Ttt* 
ftffiUfcJE«»tt&»Sfc»K:, ±EJEER#»Rj&*, R 

o©ffiRtm£4Aa?»/8aft* ££**#£ L 
[00 10] £/c££tc, JiEffiRRRRR^fcis^T 

a, ±esi«r*»r*** *ft*ftRfffW«ttK:«ft 

mt^? >R&mt--*z/fr 6 sat* ft*:4>& 
< <h 1 ^<DK«#£^T^j$sft* ££**#£ b 

[ooii] &tz. ±mf£mmmmw)^\z^x\t. ± 

VX*£LT(D«R£fc&1*3&«>l:\ ±E»1«R# 
RR*«±I BJER#»M±ffi (3 tc $ ft T ^ -5 
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[0012] iEJERRBtRR^s 

»«±K:lt»R*4M,T«W\ ±ES«K43HTKJER 

[0 0 13] $bl:, ±EEERSRRR^lc;l3i>T<*6 
ic, ±EMn«<on«fcffiRT**«±lcJiE*MR£ 
^LT«ltS2©/V^H«I$Ml, ±EfglCD/1 
>y K*ffi$±El»©iaiBffl»fficO'5"&a)Tffl^ffi«-r 
10 5 U *o±E*2 O/ty K«S*±E 1 » 

©Rfiffl««(03%(Z>±«JCffiR'rs««XWJiE*R 

[0014] ±mf£nmmmW)TT*\z, ±mm2 

<ony KM t±E 1 Jt©BMM05-60J:« Ctt 

R-r*««xtt±E*R^jacffl««t©iB«:, «Rtt* 

[0 0 15] *R91£R£9J0ttR0£ERMt« 
RT-tt, -JtOBRfflRRiiEERffRBltftRiLfcJER 
Sffitfiimcfc^T, ±E— *Koafiffllia<7>5tO^ 
20 fc<«h*>-:£(DR«_fcK:* if#Si^^lT§lM 

#R<fcU C©*R*^*ffl^>T*fifl»R*H»"rs 

[0 0 16] 

hew^^r©^] ktk. *¥£w\z&z>nm<Dmm 
\z^>\,*xmm-rz>o 

2 l**TS*tE±^iaR«2*^LTfi«iBB^«S 
tlfclft^ot, ^CDfiSjgR^ Hi 1 \z^-t£o\Z, 
30 TSfll 6£-hgBmMl 5£©WlCJER{MMtl 3& 
tfRf#»lil40 2iSOiS:i^ ±SM15 
(RRffiRR) £TW««16 (RS/flRR) <htcJ:o 
T»«3ft*fi»»a*ffiR#»Btl 3Rtf«R*M»Rl 

Sit^o mm<Dmmi\z^x. mmmmnm 
2 i<DW.±iz&wTz>mmm2 (&m\zmm?2>c£:& 

[0017] JBUiCD ,fc -5 lC«j£$ftfc^J6<0»ffi 1 O EE 
RRRR^Kfc^T. «RttjERftRKl 3£RRftR 
40 11 4i:cOl^I^^f $^[:fiilt, ^(omZh?j 

<t, EE«flc»Kl 3®JP$^RRflcRRl 4CDj^$<hCD 
^fKZ)^$i:^cl:oTft5£$ftS. ^HOSlKl 
IZ&^T, E«#ill 3 0«StLtttiMJB, ^ 
ft7^a-«5rA, ^^>R»*^tt^>R^3>R 

*©7;WU4Itr:*^ ^>^;Ut<Z)«^Rfl:«fe 
50 .(h'ei^uW^K, dft^cD^^T^T^n 
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tO 0 1 8] ±5£©m«a»^ffl^T£E«*»IBl 3 £ 
Wf£-?Z> ££IZ£*), 1 3 <DEE«5fe»ttit« 

[0 0 19] 1 ©BEmWR*^^* 10 

HT, *ttj££Ett#*lR 1 3 £RttttiVIR 1 4 £<E>^ 
If rt£JS£;£fttCfcM£i*S<7)T\ R««iVK14a£E 

*. ttJMPHBlco^Tfe, 1 3<Z)!3JM*ji£ 

So 

[0 0 2 0] Kttttftffit 1 4 ©SMMtt, EEttfcMK <h 

(StUT«JEHllinlBA**+»»C*0. EE«#»Btl3K: 

1 3 <D*»lCit«LTR*#»J« 1 4 C!)«fOM3&« 30 

fcttstiTit m<t*??*zsv&. mikT)v$—v 
[0021] jbjukipi b& cfc -5 tc, mm^mm 1 ^)E1 

Ml 4i:Sr-&to-&fcl«JiI*«[flE«t<»«T**©"C, «t 40 

So 

[0022] :k\z, nm<Dmm i ©EasR^toffs 
^mctn>TiMJrrs. &mz. mx&* ±mm& (i 

0 0) Si^^^^CM^nfcGaAs^^^^IS 

3 0 OT^Lfcy^X^C VD (Chemical v 
apour deposition) &{Ci; 9 ^J¥$J 2 
0 0nmOrMyUa>i (*fciHffiS2) SMt5. 

J»jft!K2±tC, 3 0 nmC0^$CD5 1 ^>^i:, 7 50 
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mmz&oMtiLTz. z<DTffinm\*'&m-fz><£oi<zrt 

?->~>72tlT. T^mmi6. /V;KtSl7, 
1 8<t^So Ta^S-hfC »2 0mo 1 

<B^>B^«fcOft£^--yy h^ffl^T, 7)l>zf>X 

[0023] *&\z. ^(Dj£mtemm±iz. ±fEtmmte 

7 5 XT C V D izJz V ~mt > U 3 >*flSrt* £ ft ^>il 
#«ISI£0. 0 5 Mm<h&£cfc5tC ("T&Jb-fe, ffimft: 
mWkl 3£<D&it<Dm2&l p.mhteZ>J:olZ) 

So CCT, -hgpm®15ti, BSttLTHtt^rt*. ^ 
U 3 >Bt*> 5 fc S a^t^ii « 1 % 7 y J: 

5 £mmft\zt£&&o\zn?—>-y?&'u : DZ.Zi\z& 

0, Sl#IIl4$M1-^o EEttttaUKSU 

iaD^»^X7f>^il, 2 0 0^n>x 

[0 0 2 4] *tC, T^fl^-ft>^ UV^ffiJCcfcO 
A°^ — >~>^£fT^ 2 5 0 ^D>X 150^^n 

JEmflc^M 1 3 <D9Vm<D&&i 1 _h^±ffl«« 1 5 t»m 
-tZ>tz®<D/"sy Km® 1 7^111 6j&>£«*ITJ& 

«ii8*Mn. /^Ktai7n^>i3 

3 b te&R4 b £fr*>fcZ>o fit, ±^m®15i: 
Ay Km® 1 7 ££r*«2 O^MnciCiDM 

-TSo ::t, *«2 0ii ±ffi««i 5±<b&*2 0 

MmML, l/yXhein^CiOi 

#C$tlSo 

[0 0 2 5] IS^l 0 0 MmOjp^^TfF 

<fc5Kff»Ufcffi«»gB*^^^^T. E8««IR13 
COiP^^O. 9 5Mm"T?fe!9, SlMil4 0f$^ 
0. 0 4 7 um-V^^m^O^^mm^^t. l. 7 4G 

©*8fl»»ai. 7 1-1. 7 8GHz^|TS 
0, *fi»ift»©«*«att±0. 03GHzt^ 
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fc. 

[0026] &fz. ^mwmziit. &mt\£isTm2\z 

£n£ 0 ft* ^2tC*5^T01 <hP5«©&<BlCttl^«<D 
5, 1. 6 0 («/Jn) -1. 8 1 («*) GHz« 10 

±o. 0 8GHz-c»^fc. Etftiin 

(Dmmte. ggtl/imWtlt, 0. 9 6-1. 05 
MmCOffifflTtf f)O^T^Co ^±©fei^b> *M<0 

^ i iz^Lfz^ o 1 4 c^ic 

[0 0 2 7] *^*»WiC«SHJ|g(Z)^ 

til 511:^7X^0 VDKJ:9KJS0. 1 fim(D~ 
8ft'>U3>»i2 2 (it#Il2 2) «Ml. * 
©r^by 'J3>i2 2 JilC, 1 0 0 jLtmX 1 0 0 Mm 

T^ufco ^(Dmzmmvmmi tmmz. j£m&m 30 

Zt>\Z. HHP3B2 1 ^^^lTEfftil$f 
[0 0 2 8] J^i^ct^^^T^C^JCctO, £E«flc 

3±^, jEmmm^ tmmz, ±^mmi 5, - 
[0029] &±<D&oizfcm2nrzfcmmmmmTT* 

^) tLTIMCt^^o ft, ±ifi«)«Ttt, n 
[0 0 3 0] "Tfcfc^ **Jfi^^ffi2©£E«»K* : f 



^¥1 1 - 2 8 4 4 8 0 

8 

««iaR*#XR2 2±©«»»*Kffl««2 3*U- 
^pJffiT^^o ft, M*tt*II2 2tt. ilMiH 
[0 0 3 1 ] £fc, M*Ii2 2±0§iMfflll 

m&mmm2 3<Dmm&mt2i*:z>zLizts:?)* ^<dm 
m&{k\z£^Tb#mmWi&&&ik2&zz£izt < i:z>o 

£lZ&^XXmWL$k&ffimi>X^Z>Z£{Zt£Z><> CZ. 

r% ^M<omm2<om^x\t^ §1*^1123*91 
mtz^z) 2i*z><dx. z<Di:mz£Qm%i%imm<m 

[0 0 3 2] 3IJS<BJ&!8 3. £TF> #5S91K:«£*i6a> 

mm3 0)mmmmm^z^^xmm-r^o mm^mmz 
(DjzmmmmTte* mmomm 1 \z&vtz±mnm 1 5 

Z-X* El^IISi 3i:HS«i:Bi;^$i:M$n 

24^ n&ettttt. ^mcomm 1 
^Tii, nmoj&i&i tmmizLx. loo^mxi 

3>K*«J»W^«S$-fr^BE««Kl 3<i:^tt0 2 
0 0 MmX 10 0 /zmW5«t3i:, 1 %7u/K*i8fflt 

2OO=^D>xiOO^^n>0M(!:tl) o CO 
-ifbyU^>i2 4 (^1MI2 4) O^fttC 

>^*^3/zmSKicfi«$n. Elil0/^->r 

[0033] cot^. mM<owmi t-mmzisXTwrn. 

mi 6co/1^->x>^. TSSItStT^llM^ 

TS^XA^b^l OflOJElWK^SrfPBb-tn 
^n»JSLfc*S*> T^SBftfttt 1 . 5 5GHz 
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X\ tff>O#H±0. 0 4GHzT*o/t. Tfrfc)^ 

[0034] suKD^momm 3 (oizmmmm^xi*. 
i£mmm-tizffii£<D±z $ £8*4**111 2 4 ««« l fc 

K«ttMK2 4£VX*£LT^TJEEtt#!W8il 
3«LTl^o CKE^KTSch, ^im#:|§^2 4 

\tkmitmmzttLx. -mzuzSTsh&oh&ntzm 
^ ^ T^)Ef ii^x 7 f > ^ $ 1 t^'i e> 

ttS^\ «ffi(7)Ii3TH ffi«»M*c:»LT**tt 

S£>T\ EE««JR<01M Klyf>mi»TSC<!: 
ft, *^J6a>Jgffi3-rtt-KftS/Un>*ffi 
t>TR«{t«J»2 4£J&J*Lfcj&*, *^^«^tl(cPg^ 

i^So 

[0035] mm<D^m4. *%m\zmz>$mv>mm4 

x, isioo ±\zmmm 1 0 2 ^^iteii 1 1 3 
fiWf&zn* ^(D&mm 1 1 3 ±izn&mm ii6a, 
1 1 6btfimai'Ztrc&z>o mz^m<Dmm4 
(Dfemmn&m^xte. mmmmi 1 6 a, 1 1 6 b±iz 

^nfn8«#»Bl2 4a, 12 4b^lt^M 
^11115a, 115b«$tl, fOtill 

5a, 115b a^n-en, 120a, nob^ 

fthXny KWI1 17, 11 8tCg^£*lT^5££ 
£r^l$:£-rSo ft, A°7H1S1 17,11 8 tt-WP 
tl, ^>il0 3a, 103bte^l04a, 10 

M^Xfc. 116a, 116b a£ 

t#*il2 4a, 1 2 4 b*m>T*J«;£nfcMttlfc 
H^ffi(7)n>^>1t^:^LTA 0 ^ K*ffil 17, 118 

\zmwtznx^2>a z.n\z<k-DX. mmi 1 5 a, 11 

5 b©««*«AtfU— !f£^TB'JS^LT^{b2-£ 
[0 0 3 6] JEt±sttWUfe#IIJ6cOi^ffifc*5ViT. ®Sj 

<, m^mmmm^m^x^mLxh^K m 

[0 0 3 7] 
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Sm«*fla«»i^tt. ±EBE«#»JKl;iiHI*.±EailR 
«»»«*8H ±Eff«#»Bt©JS£<fc±E»l«« 

2-tro>S<7)-?\ BEBUP*»*«t<R3tT*, 
[0 0 3 8] £fc, ±E/£tt»JKfiimc:&^T. ±12 

10 ®mmmm±\zm 2 R«flc]iK^UT«s»A^*« 

SC<ha*T^So 
[0 0 3 9] £6JC. ±Effi«*J8tfift^K:£^T, ± 

h: n&^tt < 1 1> 1 o©jEE«»»**^T»*"r a c £ 

So 

[0040] ^fc^^ic, ±mEEmmmmW}i L iz&^ 
x. ±ejhi fn^niffflnncin 

>, mtz/vziy, mtafks/'j^x mik?>*)\>. 

So 

[0 0 4 1] ±EBE«»WffilH^fcl>TfcL ± 

tem 1 W*ff»BI*±E£E««:|»K±ffi©e«±B^« 
j8T*££K:<fcD. ±E»lKtt*W»BHcEEttflc»Bl* 
X7f>m<ht(DYX^iLTOlMfe^<: 

T#So 

[0 0 4 2] ^itll ±EJE«»J»fi»tf t £ 

40 K«±^«»M&^bTia:tt*Ci:^«tr). ^BtcKjg 
■TSClii^^So 
[0 0 4 3] ±EM*«H!i : fl:*^T$& 
±ESliS2©AyKiKML, ±ES1<Z> 
A°>y H««*JiEl»<0B*ffl««©'5%toT«fcfl:« 

»©iB«ffi«««>5 -6<0±fflK:tt«T*««Xtt±E« 
[0 0 4 4] ±Effi«*Bl«» : F"Ctt, ±E* 2 

so ©aw Kt ii±ie i ^iifflii^) ^ ^ ^±sce 
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[0 0 4 5] $.fz. ^miz^m<Dmm<Dmmmmm 
[BiBconJiLftKn] 

[0 1 ] *36WK«*£I16<0»IS 1 a>JEE*NNR«tt? 

(b) \Z (a) ©A-A' 8ltCO^TCDWS0-e^O> 

(c) tt (a) ©B-B' StCO^Ttf>»rSBT&3o 
[B 2 ] itttWOBEttWMfift^OMlS^^-rH-t?* 

oT, (a) tt^pffiH^aD. (b) tt (a) <£>C- 

c mzr>^x<Dmmmx$>o * (c) « (a) <dd- 

[B 3 ] *3tlfc®JMR 2 ©ffiliilf 



[0 1] 




#§8^1 1 -2 8 44 8 0 

12 

0»S*^tBt&^T, (a) OTffiB-C*0> 

(b) (a) <dc-c: mz-D^x&mmmx&o* 

(c) « (a) ©d-d 1 mz-D^xcDmmmx^^o 
iM4] *&m\z&&%m<Dwmz<oi£mmmmm^r 

Oifit^tHt'SoT, (a) te¥fl&B-C&0. 

(b) tt (a) <dg-g* mz-D^xomffimx&Q , 

(c) tt (a) OH-H' »{c:3^T<B»rHB*rS£>. 
[B 5 ] **W*c:«S*Jfio«»4 ©EE«»Blfi»?- 
©i«^tHT'*ot, (a) te^SBT&O* 

(b) tt (a) © I — I * iCO^TCiSBT^So 

1, 100 Sffi, 2, 102 3, 3a, 3 

b =5-9 >m* 4, 4 a, 4 b B&m. 13, 113 
EE«#SR, 14, 22, 24, 124a, 124b 

mm»m». i 5 ±^mm. 1 6 t^h®, i 
7, is, 117, 118 A 4 7Ffi, 19 mmm 

4f . 20, 120a, 12 0b 2 1 Hi 

ngB, 23, 115a, 115b «fi«j£ffl««* 1 
16a, 116b ®^m®o 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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(57) [Abstract] 

[Technical problem] It has the structure which is short time amount and 
can carry out frequency regulation simple, and the piezo-electric thin 
film which can be manufactured cheaply is offered. 

[Means for Solution] The 1st dielectric thin film was further prepared 
between the electrodes for excitation of a pair, and it was made to 
resonate in the piezo-electric thin film vibrator equipped with the 
piezo electric crystal thin film between the electrodes for excitation 
of a pair on the frequency corresponding to the thickness which doubled 
the thickness of a piezo electric crystal thin film, and the thickness 
of the 1st dielectric thin film. 



[Translation done. ] 




[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim (s) ] 

[Claim 1] Piezo-electric thin film vibrator characterized by making it 
resonate on the frequency corresponding to the thickness which prepared 
the 1st dielectric thin film further between the electrodes for 
excitation of the above-mentioned pair, and doubled the thickness of the 
above-mentioned piezo electric crystal thin film, and the thickness of 



the above-mentioned 1st dielectric thin film in the piezo-electric thin 
film vibrator equipped with the piezo electric crystal thin film between 
the electrodes for excitation of a pair. 

[Claim 2] Piezo-electric thin film vibrator according to claim 1 which 
formed the capacitative element by forming the electrode for capacity 
formation through the 2nd dielectric thin film in the above-mentioned 
piezo-electric thin film vibrator on the electrode for excitation 
located in the upper part among the electrodes for excitation of the 
above-mentioned pair. 

[Claim 3] Piezo-electric thin film vibrator according to claim 1 or 2 
formed including at least one piezoelectric material chosen from the 
group which the above-mentioned piezo electric crystal thin film becomes 
from a zinc oxide, alumimium nitride, lead titanate, titanic-acid lead 
zirconate, barium titanate, lithium niobate, and lithium tantalate. 
[Claim 4] Piezo-electric thin film vibrator of any one publication among 
claims 1-3 formed including at least one dielectric chosen from the 
group which the above-mentioned 1st dielectric thin film becomes from a 
magnesium oxide, an aluminum oxide, silicon oxide, silicon nitride, 
oxidization silicon nitride, tantalum oxide, titanium oxide, and niobium 
oxide. 

[Claim 5] Piezo-electric thin film vibrator of any one publication of 
the above-mentioned 1st dielectric thin film among claims 1-4 on the 
above-mentioned top face of a piezo electric crystal thin film currently 
mostly formed in the whole surface. 

[Claim 6] Piezo-electric thin film vibrator with which the piezo- 
electric thin film vibrator of any one publication among claims 1-5 is 
prepared through an insulator layer on a substrate, and opening is 
formed directly under this piezo-electric thin film vibrator in the 
above-mentioned substrate. 

[Claim 7] In the above-mentioned piezo-electric thin film vibrator, the 
1st and 2nd pad electrode is further formed through the above-mentioned 
insulator layer on the substrate located in the outside of the above- 
mentioned opening. Piezo-electric thin film vibrator according to claim 
6 by which the pad electrode of the above 1st was connected to the 
electrode located in the lower part of the one above-mentioned pair of 
electrodes for excitation, and the pad electrode of the above 2nd was 
connected to the electrode or the above-mentioned electrode for capacity 
formation located in the upper part of the one above-mentioned pair of 
electrodes for excitation. 

[Claim 8] Piezo-electric thin film vibrator according to claim 7 to 
which between the electrodes or the above-mentioned electrodes for 



capacity formation which are located in the upper part of the pad 
electrode of the above 2nd and the one above-mentioned pair of 
electrodes for excitation was connected by conductive bridge formation. 
[Claim 9] Piezo-electric thin film vibrator which formed the 
capacitative element in the piezo-electric thin film vibrator equipped 
with the electrode for excitation and piezo electric crystal thin film 
of a pair by forming the electrode for capacity formation through a 
dielectric thin film on one [ at least ] electrode of the electrodes for 
excitation of the above-mentioned pair. 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezo electric 
crystal thin film which used the piezo electric crystal thin film 
especially the filter which operates from hundreds of MHz in the 
frequency region of a GHz band, and the piezo electric crystal thin film 
which can be used for a resonator. 
[0002] 

[Description of the Prior Art] In recent years, the need of the filter 
used on a comparatively high frequency or a resonator is expanded with 
development of mobile communications. Since the formation of small 
lightweight is possible for the vibrator which used the piezo electric 
crystal especially, RF~ization of the thing of various types, such as a 
thing using the surface acoustic waves which spread the front face of 
the vibrator using volume vibration of a piezo electric crystal or a 
piezo electric crystal, is considered. Since a piezo electric crystal is 
what is vibrated on a predetermined frequency using resonating on the 



wavelength proportional to the thickness, in order to vibrate the 
vibrator using volume vibration (bulk vibration) of a piezo electric 
crystal on a high frequency, it needs to make thickness of a piezo 
electric crystal thin. For example, when it is going to apply this type 
of component to communication equipment, such as mobile communications, 
since the frequency used for these devices is a high frequency which 
attains to a GHz band from hundreds of MHz, it is necessary to make 
thickness of a piezo electric crystal into 1-2 microns or less. As this 
type of vibrator, although there is a crystal oscillator, since single 
crystal Xtal used as a piezo electric crystal is ground and it is 
produced, this crystal oscillator has a fixed limitation in sheet metal- 
ization, and cannot be used with an above-mentioned high frequency band. 
[0003] Therefore, by recently, the piezo-electric thin film using volume 
vibration which can be used for mobile communications is examined using 
the piezo electric crystal thin film formed in the thickness of about 1- 
2 microns of thickness by the various thin film forming methods. That is, 
a thin film electrode is formed in both sides of the piezo electric 
crystal thin film formed in the thickness of about 1-2 microns of 
thickness by the thin film forming method, and it is made to resonate on 
the frequency corresponding to the thickness of a piezo electric crystal 
thin film by impressing alternating voltage to this electrode by this 
piezo-electric thin film. With this configuration, in order to prevent 
the loss of vibrational energy, the substrate under the resonance 
section is usually removed, and the floating construction which floated 
the resonance section is taken. The example which forms a superstructure 
as the manufacture technique of this floating construction, using 
gallium arsenide (GaAs) as a substrate, carries out etching removal of 
the substrate with etching reagents, such as a sulfuric acid from a 
substrate rear face, and forms a component is known well. Moreover, it 
is also possible to form a superstructure, using silicon (Si) as a 
substrate, and for the anisotropic etching of Si by alkali, such as a 
potassium hydroxide from a substrate rear face, to remove the substrate 
under a piezoelectric film, and to form. 

[0004] If an example of a component reported is shown conventionally, 
with the component indicated by JP, 6-350154, A, the bottom thin film 
electrode, the piezoelectric film, and the top thin film electrode were 
formed through the insulator layer on the substrate, by removing the 
substrate from a substrate rear face, the substrate under the part used 
as the oscillating section would be removed, and floating construction 
will be realized, for example. 
[0005] 



[Problem (s) to be Solved by the Invention] However, since the resonance 
frequency which turns into the clock frequency in the case of the 
component using volume vibration of a piezo electric crystal thin film 
is uniquely determined as mentioned above corresponding to the thickness 
of a piezo electric crystal, in order to make it vibrate on a specific 
frequency, very highly precise thickness control is needed. If thickness 
is made thin in order to RF-ize, control of thickness will become 
difficult increasingly. Therefore, in the present condition, although it 
is difficult to set it as predetermined resonance frequency and the 
frequency needed to be adjusted only by controlling thickness in fact 
using a certain approach, since there was no simple and effective 
frequency regulation approach, there was a trouble that the cost in 
connection with an adjustment process became high, and could not make a 
component price cheap. Moreover, also in the vibrator using surface 
acoustic waves, although it is necessary to form an electrode pattern 
with a sufficient precision since the resonance frequency is determined 
by the pattern of an electrode, an electrode pattern is only formed with 
a sufficient precision, it is difficult to set it as predetermined 
resonance frequency, and it needs to use a certain frequency regulation 
approach. Therefore, also in the vibrator using surface acoustic waves, 
it had the same trouble. 

[0006] Therefore, the purpose of this invention has the structure which 
is short time amount and can carry out frequency regulation simple, and 
is to offer the piezo-electric thin film which can be manufactured 
cheaply. 
[0007] 

[Means for Solving the Problem] This invention is made in order to solve 
the trouble of the above conventional example. That is, the piezo- 
electric thin film vibrator concerning this invention is characterized 
by making it resonate on the frequency corresponding to the thickness 
which prepared the 1st dielectric thin film further between the 
electrodes for excitation of the above-mentioned pair, and doubled the 
thickness of the above-mentioned piezo electric crystal thin film, and 
the thickness of the above-mentioned 1st dielectric thin film in the 
piezo-electric thin film vibrator equipped with the piezo electric 
crystal thin film between the electrodes for excitation of a pair. 
[0008] Moreover, in the above-mentioned piezo-electric thin film 
vibrator, it is desirable to form a capacitative element by forming the 
electrode for capacity formation through the 2nd dielectric thin film on 
the electrode for excitation located in the upper part among the 
electrodes for excitation of the above-mentioned pair. By this, 



resonance frequency can be changed by changing the electrostatic- 
capacity value of a capacitative element. 

[0009] Furthermore, in the above-mentioned piezo-electric thin film 
vibrator, in order to acquire the stable piezo-electric property, it is 
desirable that the above-mentioned piezo electric crystal thin film is 
formed including at least one piezoelectric material chosen from the 
group which consists of a zinc oxide, alumimium nitride, lead titanate, 
titanic-acid lead zirconate, barium titanate, lithium niobate, and 
lithium tantalate. 

[0010] Furthermore, in the above-mentioned piezo-electric thin film 
vibrator, it is desirable that the above-mentioned 1st dielectric thin 
film is formed including at least one dielectric chosen from the group 
which was excellent in the thickness controllability, respectively, and 
which it becomes from a magnesium oxide, an aluminum oxide, silicon 
oxide, silicon nitride, oxidization silicon nitride, tantalum oxide, 
titanium oxide, and niobium oxide. 

[0011] Moreover, in the above-mentioned piezo-electric thin film 
trembler, in order to give the function as a mask when etching a piezo 
electric crystal thin film into the above-mentioned 1st dielectric thin 
film, the thing on the above-mentioned top face of a piezo electric 
crystal thin film for which the above-mentioned 1st dielectric thin film 
is mostly formed in the whole surface is desirable. 

[0012] Moreover, the above-mentioned piezo-electric thin film vibrator 
may be prepared through an insulator layer on a substrate, and you may 
constitute from this invention so that opening may be formed directly 
under this piezo-electric thin film vibrator in the above-mentioned 
substrate. 

[0013] Furthermore, in the above-mentioned piezo-electric thin film 
vibrator, the 1st and 2nd pad electrode is further formed through the 
above-mentioned insulator layer on the substrate located in the outside 
of the above-mentioned opening. The pad electrode of the above 1st is 
connected to the electrode located in the lower part of the one above- 
mentioned pair of electrodes for excitation, and you may make it connect 
the pad electrode of the above 2nd to the electrode or the above- 
mentioned electrode for capacity formation located in the upper part of 
the one above-mentioned pair of electrodes for excitation. 
[0014] Moreover, it is desirable to connect between the electrodes or 
the above-mentioned electrodes for capacity formation which are located 
in the upper part of the pad electrode of the above 2nd and the one 
above-mentioned pair of electrodes for excitation according to 
conductive bridge formation in the above-mentioned piezo-electric thin 



film vibrator. 

[0015] Moreover, in the piezo-electric thin film vibrator equipped with 
the electrode for excitation and piezo electric crystal thin film of a 
pair, by forming the electrode for capacity formation through a 
dielectric thin film on one [ at least ] electrode of the electrodes for 
excitation of the above-mentioned pair, another piezo-electric thin film 
vibrator of a mode concerning this invention can be characterized by 
forming a capacitative element, and can adjust resonance frequency using 
this capacitative element. 
[0016] 

[Embodiment of the Invention] Below, the gestalt of operation concerning 
this invention is explained. 

The piezo-electric thin film of the gestalt 1 of gestalt 1. 
implementation of operation Are the component by which the oscillating 
section was formed through the insulator layer 2 on the substrate which 
has opening 21, and as shown in drawing 1 , the oscillating section It 
has two kinds of layers, the piezo electric crystal thin film 13 and the 
dielectric thin film 14, between the lower electrode 16 and the up 
electrode 15. The oscillating section excited with the up electrode 15 
(electrode for excitation) and the lower electrode 16 (electrode for 
excitation) is characterized by making it resonate on the frequency 
corresponding to the thickness of the sum total of the piezo electric 
crystal thin film 13 and the dielectric thin film 14. In addition, in 
the gestalt 1 of operation, the oscillating section is prepared on the 
insulator layer 2 (part which can vibrate freely) located in right above 
[ of opening 21 ]. 

[0017] In the piezo-electric thin film of the gestalt 1 of the operation 
constituted as mentioned above, an acoustic wave spreads the inside of 
the compound layer of the piezo electric crystal thin film 13 and the 
dielectric thin film 14 in the thickness direction, and causes resonance 
in the thickness direction. Therefore, the resonance frequency of the 
piezo-electric thin film of the gestalt 1 of operation is mainly 
determined by the thickness of the sum total of the piezoelectric 
constant of the piezo electric crystal thin film 13, and the thickness 
of the piezo electric crystal thin film 13 and the thickness of the 
dielectric thin film 14. In addition, in the gestalt 1 of this operation, 
it is desirable to use the multiple oxide of alkali metal, such as lead 
system piezoelectric material represented by a zinc oxide, alumimium 
nitride, lead titanate, or titanic-acid lead zirconate as an ingredient 
of the piezo electric crystal thin film 13, barium titanate and its 
conversion ingredient, lithium niobate, and lithium tantalate, and a 



niobium and a tantalum etc., and the piezo-electric property stabilized 
comparatively can be acquired by forming with these ingredients. 
[0018] Since the piezoelectric constant of the piezo electric crystal 
thin film 13 can be managed with a comparatively sufficient precision by 
forming the piezo electric crystal thin film 13 using an above-mentioned 
piezoelectric material, improvement can expect the precision of 
resonance frequency by managing the thickness of the sum total of the 
thickness of the piezo electric crystal thin film 13, and the thickness 
of the dielectric thin film 14 with a sufficient precision within fixed 
limits. Therefore, as for the dielectric thin film 14, in the piezo- 
electric thin film of the gestalt 1 of operation, it is desirable that 
thickness can be formed with a sufficient precision as compared with the 
piezo electric crystal thin film 13. 

[0019] Moreover, in the piezo-electric thin film of the gestalt 1 of 
this operation, since the inside of the compound layer of the piezo 
electric crystal thin film 13 and the dielectric thin film 14 is made to 
spread an acoustic wave in the thickness direction, as for the 
dielectric thin film 14, it is desirable to form with the ingredient 
which has an acoustic impedance comparatively near the piezo electric 
crystal thin film 13. However, if it is by the film of a compound system, 
especially the film of an oxide system about an acoustic impedance that 
what is necessary is for there just to be nothing if consistencies are 
things remarkably, from the field of an impedance, it can use almost 
satisfactory. About the crystal structure, the crystal structure of the 
piezo electric crystal thin film 13 and the crystal structure of the 
dielectric thin film 14 do not need to be similar in being the same. 
Furthermore, it cannot be overemphasized that insulation with the 
expensive dielectric thin film 14 is required. In addition, in this 
specification, when only calling it a dielectric thin film or a 
dielectric film, the film which consists of an insulating ingredient 
without piezoelectric shall be meant. 

[0020] What is necessary is for there to be especially no limit, in 
using the dielectric constant of the dielectric thin film 14 as a piezo 
electric crystal thin film electrically at parallel connection, but for 
there to be electrical-potential-difference impression capacity of 
enough as a circuit, and just to be able to impress sufficient 
electrical potential difference for the piezo electric crystal thin film 
13 like the gestalt 1 of this operation, when connecting with a serial. 
However, it is desirable to set up so that the capacity which the 
dielectric thin film 14 has as compared with the capacity of the piezo 
electric crystal thin film 13 may serve as below equivalent extent. 



Requirements which were explained above can be satisfied and a magnesium 
oxide, an aluminum oxide, silicon oxide, silicon nitride, oxidization 
silicon nitride, tantalum oxide, titanium. oxide, niobium oxide, etc. can 
be mentioned as an ingredient suitable for the dielectric thin film 14. 
[0021] As explained above, since the piezo-electric thin film vibrator 
of the gestalt 1 of operation can form the thickness which set the piezo 
electric crystal thin film 13 and the dielectric thin film 14 by using 
the good dielectric of a thickness controllability as a dielectric thin 
film 14 with a sufficient precision, it can be resonated on the 
frequency near a more nearly predetermined frequency. 

[0022] Next, the production procedure of the piezo-electric thin film of 
the gestalt 1 of operation is explained, the plasma CVD (Chemical vapour 
deposition) which first used a silane and oxygen as reactant gas for 
example, on the substrate 1 which consists of GaAs formed so that the 
main front face might turn into a field (100), and was made into the 
membrane formation temperature of 300 degrees C — the diacid-ized 
silicon film (insulator layer 2) of about 200nm of thickness is formed 
by law. Next, the lower electrode of the two-layer structure which 
consists of titanium film with a thickness of 30nm and 70nm thickness 
platinum film is formed with vacuum deposition on an insulator layer 2. 
Pattern NINGU of this lower electrode is carried out so that it may 
mention later, and it turns into the lower electrode 16 and the pad 
electrodes 17 and 18. Next, the piezo electric crystal thin film which 
consists of lead titanate is formed in the thickness of 0.95 micrometers 
by the spatter among the mixed gas of argon gas and oxygen gas using the 
target which consists of 20 mol lead titanate with superfluous % of lead 
on a lower electrode at the membrane formation pressure of lPa, and the 
substrate temperature of 600 degrees C. 

[0023] Next, the dielectric thin film which consists of a diacid-ized 
silicon thin film by the same plasma CVD as the above on the piezo 
electric crystal thin film is formed so that it may be set to 0.05 
micrometers (that is, the thickness of the sum total with the piezo 
electric crystal thin film 13 is set to 1 micrometer like). Next, after 
forming a lower electrode and the electrode which consists of same two- 
layer structure on the dielectric thin film which consists of diacid- 
ized silicon film, the up electrode 15 of a predetermined configuration 
is formed using the lift-off method. Here, although the up electrode 15 
has not carried out illustration, it has the two-layer structure of the 
titanium film and the platinum film. Then, the dielectric thin film 14 
is formed by performing pattern NINGU so that it may become the shape of 
the up electrode 15 and isomorphism by the wet etching using a resist 



with a fluoric acid water solution 1% about the dielectric thin film 
which consists of diacid-ized silicon film. Furthermore, a piezo 
electric crystal thin film is carried out with a resist mask, etching 
removal of the garbage is carried out with the mixed solution of a 70- 
degree C hydrochloric acid and a nitric acid, and the piezo electric 
crystal thin film 15 of a 200 micron xlOO micron rectangle is formed. 
[0024] Next, pattern NINGU is performed for a lower electrode by the ion 
milling method, and the lower electrode 16 of a 250 micron xl50 micron 
rectangle is formed. At this time, the pad electrode 17 for connecting 
with the up electrode 15 is left and formed from the lower electrode 16 
on the substrate 1 of the outside of the piezo electric crystal thin 
film 13 at coincidence, and the pad electrode 18 connected with the 
lower electrode 16 and the connection electrode 19 is formed. In 
addition, the pad electrode 17 consists of titanium film 3a and platinum 
film 4a, and the pad electrode 18 consists of titanium film 3b and 
platinum film 4b. And the up electrode 15 and the pad electrode 17 are 
connected by forming bridge formation 20. Here, after forming a resist 
except for the connection part of a connection part with the bridge 
formation 20 on the up electrode 15, and the bridge formation 20 on the 
pad electrode 17, bridge formation 20 forms about 20 micrometers of gold 
plate film, and is formed by removing a resist after that. 
[0025] Finally, after grinding and sheet-metal-izing a substrate to the 
thickness of about 100 micrometers, opening 21 is formed by etching from 
a substrate rear face. The piezo-electric thin film of the gestalt 1 of 
operation is producible as mentioned above. In the piezo-electric thin 
film produced as mentioned above, the resonance frequency of the 
component whose thickness of the dielectric thin film 14 the thickness 
of the piezo electric crystal thin film 13 is 0.95 micrometers, and is 
0. 047 micrometers was 1. 74GHz. Furthermore, when the same process 
produced and estimated ten components from which a wafer differs, the 
range of the resonance frequency of each component was 1. 71-1. 78GHz, and 
the standard deviation of resonance frequency was **0. 03GHz. 
[0026] Moreover, this invention persons compared with the component 
which produced the component shown in drawing 2 as an example of a 
comparison, and was produced based on the gestalt 1 of above-mentioned 
operation. The piezo-electric thin film of the example of a comparison 
of drawing 2 consists of piezo-electric thin films of the gestalt 1 of 
operation of drawing 1 like the gestalt 1 of operation except having 
carried out the **** configuration of the dielectric thin film 14. In 
addition, in drawing 2 , the same sign is attached and shown in the same 
thing as drawing 1 . When ten piezo-electric thin films of this example 



of a comparison were produced and each resonance frequency was measured, 
the standard deviation which resonance is observed in the range of 
1. 60(min) -1.81 (max) GHz, and expresses dispersion in resonance 
frequency was **0. 08GHz. In addition, the thickness of the piezo 
electric crystal thin film 13 varied in 0.96-1.05 micrometers to the 
desired value of 1 micrometer. By forming the dielectric thin film 14 
from the above result, as shown in the gestalt 1 of operation shows that 
dispersion in resonance frequency can be made small. 
[0027] The piezo-electric thin film of the gestalt 2 of operation 
concerning gestalt 2. of operation, next this invention is explained. As 
shown in drawing 3 , in the piezo-electric thin film of the gestalt 1 of 
operation, further, the piezo-electric thin film of the gestalt 2 of 
this operation is characterized by forming the electrode 23 for capacity 
formation through the dielectric thin film 22 on the up electrode 15, 
and is constituted like the gestalt 1 of operation except it. That is, 
after even the up electrode 15 formed like the gestalt 1 of operation, 
the piezo-electric thin film of the gestalt 2 of operation formed the 
diacid-ized silicon thin film 22 (dielectric thin film 22) of 0.1 
micrometers of thickness by plasma CVD on the up electrode 15, and on 
the diacid-ized silicon film 22, the electrode 23 for capacity formation 
of a 100 micrometerxlOO-micrometer angle was used for it, and it formed 
vacuum evaporationo and the lift-off method. After that, like the 
gestalt 1 of operation, etching removal of the garbage of a piezo 
electric crystal thin film, pattern NINGU of the thin film for lower 
electrodes, a lower thin film electrode, a lower electrode pad, and 
bridge formation were formed, further, opening 21 was formed and the 
piezo electric crystal thin film was formed. 

[0028] By producing as mentioned above, the electrostatic capacity 
constituted by a piezoelectric transducer and the serial with the up 
electrode 15, the diacid-ized silicon film 22, and the electrode 23 for 
capacity formation was formed on the piezo electric crystal thin film 13, 
and the capacity value was 4pF. Moreover, the resonance frequency of the 
piezo-electric thin film produced as mentioned above was 1. 6GHz. 
[0029] In the piezo-electric thin film vibrator produced as mentioned 
above, the electrostatic capacity formed with the up electrode 15, the 
diacid-ized silicon film 22, and the electrode 23 for capacity formation 
which were formed on the piezo electric crystal thin film 13 can be used 
as a capacitor for frequency regulation (capacitative element). In 
addition, in an above-mentioned example, although the capacitor for 
frequency regulation was formed using the diacid-ized silicon film 22, 
this invention may use not only this but other dielectric thin films. 



[0030] That is, in a piezo-electric thin film, by changing the 
electrostatic capacity formed in the piezoelectric transducer and the 
serial, the piezo-electric thin film of the gestalt 2 of this operation 
uses that resonance frequency can be changed by several% of within the 
limits, and forms the capacitor for frequency regulation by the 
component and one. As for the electrostatic capacity of this capacitor 
for frequency regulation, by removing the electrode 23 for capacity 
formation on the dielectric thin film 22 in part using laser etc., it is 
possible to make it change. In addition, the dielectric thin film 22 can 
apply the same ingredient as the dielectric thin film 14. 
[0031] Moreover, when it is going to change the electrostatic capacity 
of the capacitor for frequency regulation by deleting partially the 
electrode 23 for capacity formation on the dielectric thin film 22, the 
weight of the electrode 23 for capacity formation is made to change as a 
result, and resonance frequency is made to change also with the weight 
change. Therefore, with the gestalt 2 of operation, the frequency will 
be adjusted by changing the mass of the electrode 23 for capacity 
formation, and the addition capacity of the capacitor for frequency 
regulation, since the mass of the electrode 23 for capacity formation is 
decreased, and the addition capacity of the capacitor for frequency 
regulation is decreased and each of each change changes a frequency to 
an one direction here by shaving the electrode 23 for capacity formation 
with the configuration of the gestalt 2 of operation (it is made to 
superimpose and change) — this process — frequency regulation width of 
face — being expandable — the working hours of frequency regulation — 
it can be shortened . 

[0032] The piezo-electric thin film of the gestalt 3 of operation 
concerning this invention is explained below gestalt 3. of operation. 
The piezo-electric thin film of the gestalt 3 of operation is replaced 
with the up electrode 15 in the gestalt 1 of operation, and the 
dielectric thin film 14 substantially formed in the same magnitude, and 
is constituted like the gestalt 1 of operation except having used the 
piezo electric crystal thin film 13 and the dielectric thin film 24 
substantially formed in the same magnitude. That is, in the Atsu **** 
thin film' of the gestalt 3 of operation, like the gestalt 1 of operation, 
after even the thin film electrode 15 of a 100 micrometerxlOO-micrometer 
angle forms, light etching is carried out in a fluoric acid water 
solution 1%, and pattern NINGU is carried out so that it may be set to 
200micrometerxl00micrometer of the shape of the piezo-electric thin film 
13 which makes the diacid-ized silicon film remain finally, and 
isomorphism. Then, a piezo-electric thin film is carried out with a 



resist mask, etching removal of the garbage is carried out with the 
mixed solution of a 70-degree C hydrochloric acid and a nitric acid, and 
it considers as a 200 micron xlOO micron configuration. At this time, by 
existence of the diacid-ized silicon film 24 (dielectric thin film 24), 
the amount of side etching when etching a piezo-electric thin film is 
reduced, the amount of side etching whose about 10 micrometers were 
conventionally is reduced by about 3 micrometers, and the pattern NINGU 
precision of a piezo-electric thin film can be raised. 
[0033] Then, after making pattern NINGU of the lower electrode 16, 
connection between a lower thin film electrode and a lower electrode pad, 
etc. like the gestalt 1 of operation and forming bridge formation 20 
further, the piezo-electric thin film which forms opening 21 and is 
shown in drawing 4 was formed. As a result of producing a total of ten 
piezo-electric thin films and measuring from each wafer using ten wafers 
which are different in the piezo-electric thin film of this drawing 4 , 
respectively, average resonance frequency was 1. 55GHz and dispersion was 
**0. 04GHz. That is, even if constituted as mentioned above, the piezo- 
electric thin film which can reduce manufacture dispersion compared with 
the example of a comparison can be offered. 

[0034] In the piezo-electric thin film of the gestalt 3 of the above 
operation, on a piezo-electric thin film, after forming the dielectric 
thin film 24 in predetermined magnitude, the piezo electric crystal thin 
film 13 is formed, using the dielectric thin film 24 as a mask. If it 
does in this way, since the dielectric thin film 24 generally has the 
adhesion superior to a resist to the piezo electric crystal thin film, 
the amount of side etching of the piezo electric crystal thin film 13 
can be reduced, and a piezo electric crystal thin film can be formed 
with a sufficient precision. That is, if it uses only a resist as an 
etching mask in etching a piezo electric crystal thin film with wet with 
strong acid, such as a hydrochloric acid and a nitric acid, the 
phenomenon in which the piezo-electric thin film under a mask is etched 
from the imperfection of adhesion will be seen, but with the gestalt 3 
of this operation, since the piezo-electric thin film is etched using 
the good dielectric thin film of adhesion to a piezo-electric thin film, 
the amount of side etching of a piezo-electric thin film can be reduced. 
In addition, although the dielectric thin film 24 was formed using 
diacid-ized silicon with the gestalt 3 of this operation, this invention 
is not limited to this and can also use other dielectric materials. 
[0035] The piezo-electric thin film of the gestalt 4 of operation 
concerning gestalt 4. this invention of operation is a component using 
surface acoustic waves, a piezoelectric film 113 is formed through an 



insulator layer 102 on a substrate 100, and it comes to form the 
Kushigata electrodes 116a and 116b on the piezoelectric film 113. It is 
characterized by forming the electrodes 115a and 115b for capacity 
formation through the dielectric thin films 124a and 124b, respectively 
on Kushigata electrode 116a and 116b, and connecting the electrodes 115a 
and 115b to the pad electrode 117,118 through bridge formation 120a and 
120b by the piezo-electric thin film of the gestalt 4 of operation, here, 
respectively especially. In addition, the pad electrode 117, 118 consists 
of titanium film 103a and 103b and platinum 104a and 104b, respectively. 
That is, in the piezo-electric thin film of the gestalt 4 of this 
operation, the Kushigata electrodes 116a and 116b are connected to the 
pad electrode 117,118 through the capacitor for frequency regulation 
constituted using the dielectric thin films 124a and 124b, respectively. 
Resonance frequency can be adjusted by carrying out deleting the area of 
Electrodes 115a and 115b using laser etc., and making it change with 
these. 

[0036] In the gestalt of each operation explained above, between the 
electrode of the oscillating section and pad electrodes is connected 
according to bridge formation. By this, the open circuit in a connection 
part can be prevented, and a free vibration of the oscillating section 
can be secured, and an oscillation characteristic can be made good. 
However, this invention is not restricted to this and may be connected 
using the usual front wiring. Moreover, although there should just be an 
ingredient which constitutes the bridge formation itself by right 
conductivity, it can form by the gold plate used in the usual process 
for microwave IC etc. simple. 
[0037] 

[Effect of the Invention] As explained to the detail above, since the 
piezo-electric thin film vibrator concerning this invention is resonated 
on the frequency corresponding to the thickness which prepared the 
above-mentioned 1st dielectric thin film in addition to the above- 
mentioned piezo electric crystal thin film, and doubled the thickness of 
the above-mentioned piezo electric crystal thin film, and the thickness 
of the above-mentioned 1st dielectric thin film, it can set up this 
thickness with a sufficient precision, and can make dispersion in 
resonance frequency small. By this, since the adjustable range of a 
frequency can be made small, by short time amount, frequency regulation 
can be carried out and it can manufacture cheaply. 
[0038] Moreover, in the above-mentioned piezo-electric thin film 
vibrator, resonance frequency can be adjusted by forming the 
capacitative element which has it come through the 2nd dielectric thin 



film to form the electrode for capacity formation on the above-mentioned 
electrode for excitation, and changing the electrostatic-capacity value 
of this capacitative element. 

[0039] Furthermore, in the above-mentioned piezo-electric thin film 
trembler, by forming the above-mentioned piezo electric crystal thin 
film including at least one piezoelectric material chosen from the group 
which consists of a zinc oxide, alumimium nitride, lead titanate, 
titanic-acid lead zirconate, barium titanate, lithium niobate, and 
lithium tantalate, the stable piezo-electric property can be acquired 
and dispersion in resonance frequency can be made still smaller. By this, 
since the adjustable range of a frequency can be made still smaller, by 
shorter time amount, frequency regulation can be carried out and it can 
manufacture still more cheaply. 

[0040] Furthermore, in the above-mentioned piezo-electric thin film 
vibrator, by forming the above-mentioned 1st dielectric thin film 
including at least one dielectric chosen from the group which was 
excellent in the thickness controllability, respectively, and which 
consists of a magnesium oxide, an aluminum oxide, silicon oxide, silicon 
nitride, oxidization silicon nitride, tantalum oxide, titanium oxide, 
and niobium oxide, the thickness of the sum total of the above-mentioned 
piezo electric crystal thin film and the above-mentioned 1st dielectric 
thin film can be managed with a sufficient precision, and dispersion in 
resonance frequency can be made very small. 

[0041] Moreover, in the above-mentioned piezo-electric thin film 
vibrator, the function as a mask when etching a piezo electric crystal 
thin film into the above-mentioned 1st dielectric thin film for the 
above-mentioned 1st dielectric thin film by [ on the above-mentioned top 
face of a piezo electric crystal thin film ] forming in the whole 
surface mostly can be given, and the configuration of a piezo electric 
crystal thin film can be formed with a sufficient precision. 
[0042] Moreover, in this invention, it can manufacture easily by 
preparing the above-mentioned piezo-electric thin film vibrator through 
an insulator layer on a substrate. 

[0043] Furthermore, connection with an external circuit makes easy 
further in the above-mentioned piezo-electric thin film vibrator by 
forming the above 1st and the 2nd pad electrode, and connecting the pad 
electrode of the above 1st to the electrode located in the lower part of 
the one above-mentioned pair of electrodes for excitation, and 
connecting the pad electrode of the above 2nd to the electrode or the 
above-mentioned electrode for capacity formation located in the upper 
part of the one above-mentioned pair of electrodes for excitation. 



[0044] Moreover, in the above-mentioned piezo-electric thin film 
vibrator, by connecting between the electrodes or the above-mentioned 
electrodes for capacity formation which are located in the upper part of 
the pad electrode of the above 2nd, and the one above-mentioned pair of 
electrodes for excitation by conductive bridge formation, a free 
vibration of a vibrating part can be secured and small resonance of the 
stable loss is attained. 

[0045] Moreover, since another piezo-electric thin film vibrator of a 
mode concerning this invention forms the capacitative element by forming 
the electrode for capacity formation through a dielectric thin film on 
one [ at least ] electrode of the electrodes for excitation of the 
above-mentioned pair, it can adjust resonance frequency easily using 
this capacitative element. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] (a) is a top view, it is drawing showing the configuration 
of the piezo-electric thin film vibrator of the gestalt 1 of operation 
concerning this invention, and (c) is [ (b) is a sectional view about 
the A-A* line of (a), and ] a sectional view about the B-B' line of (a). 
[Drawing 2] (a) is a top view, it is drawing showing the configuration 
of the piezo-electric thin film vibrator of the example of a comparison, 
and (c) is [ (b) is a sectional view about the C-C line of (a), and ] a 
sectional view about the D-D' line of (a). 

[Drawing 3] (a) is a top view, it is drawing showing the configuration 
of the piezo-electric thin film vibrator of the gestalt 2 of operation 
concerning this invention, and (c) is [ (b) is a sectional view about 
the C-C line of (a), and ] a sectional view about the D-D 7 line of (a). 



[Drawing 4] (a) is a top view, it is drawing showing the configuration 
of the piezo-electric thin film vibrator of the gestalt 3 of operation 
concerning this invention, and (c) is [ (b) is a sectional view about 
the G-G* line of (a), and ] a sectional view about the H~H' line of (a). 
[Drawing 5] It is drawing showing the configuration of the piezo- 
electric thin film vibrator of the gestalt 4 of operation concerning 
this invention, and (a) is a top view and (b) is a sectional view about 
the I-r line of (a). 
[Description of Notations] 

1, 100 A substrate, 2, 102 An insulator layer, 3, 3a, 3b Titanium film, 4, 
4a, 4b The platinum film, 13, 113 A piezo electric crystal thin film, 14, 
22, 24,124a, 124b Dielectric thin film, 15 An up electrode, 16 17 A 
lower electrode, 18, 117, 118 A pad electrode, 19 Connection electrode, 
20,120a, 120b Conductive bridge formation, 21 Opening, 23,115a, 115b The 
electrode for capacity formation, 116a, 116b Kushigata electrode. 
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